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In the present study we assessed pilots` usability and acceptance of an advanced glass cockpit
system during normal and abnormal operation. Two matched groups of pilots (female and male)
attended a series of tasks which required the use of automated and manual cockpit functions. The
cockpit was implemented in the research flight simulator at Graz University of Technology.
Pilots` performance, psychophysiological state, workload and situation awareness were evaluated
in a repeated measures design. Benefits and limitations of the automated and manual cockpit
functions are discussed. Conclusions for the optimization of glass cockpit functions in normal and
abnormal operation were drawn out in order to facilitate better and safer flight performance.
Results were implemented to optimize a glass cockpit system developed by Brightline Avionics,
which shall be installed in light aircraft.
According to the National Transportation Safety Board (2010) the introduction of glass cockpit avionics into
light aircraft did not yet result in the expected increase of safety. Generally, pilots` attitudes towards different glass
cockpit systems such as Primary Flight Display (PFD), Moving Map, Autopilot, GPS are positive, but there are also
concerns about complexity and learnable quality of the systems, and about becoming over-reliant on them (Casner,
2008). As Fennell and Pruchnicki (2009) showed, there are concrete demands of the International Airline Pilots
Association to be considered in the evaluation of new cockpit systems and of automation. Main requirements refer to
human-centered-design of automatic functions, feedback and control of automation, as well as the evaluation of
devices with pilots in normal and abnormal operations.
Focus of this research was the formative evaluation of a new glass cockpit system which provides electronic
checklists for aircraft configuration in each phase of the flight, allowing also automatic configuring actions of the
system. Results of this preliminary evaluation were used to optimize the system.

Method

Participants
Ten women pilots aged between 21 and 62 years (M = 41.90, SD = 14.54) and ten men pilots aged between
18 and 54 years (M= 37.20, SD = 12.50) were recruited from flight clubs and pilot associations from Austria,
Germany and Switzerland. All participants were in possession of a current private pilot license, 4 pilots held an IFR
rating and 2 pilots held an airline pilot license. Women and men pilots in the study were yoked according to their total
flight time and ratings. As the medians showed, more than half of the pilots had little or no experience with glass
cockpits and certified flight simulators. Mean flight experience of women pilots was 407 total flight hours (SD =
564.62), whereas that of men pilots was 469 total flight hours (SD = 853). All participants owned a computer and used
it weekly for private purposes or for work. Differences between the groups in respect to total flight, glass cockpit,
certified simulator and computer usage time calculated by means of Wilcoxon-Test did not reach statistical
significance.
Procedure
After reading and signing an informed consent form that described the experiment as a cockpit evaluation and
optimization study, each pilot received a written description, hands-on training in using the device and a briefing.
The test procedure consisted in configuration of an aircraft for all phases of flight, including a missed
approach and a go-around. Therefore, the test sequence had a fixed order of configurations: before start, after start,
taxi, engine run up, line-up, after takeoff, cruise, approach, cruise, approach, final, go-around, after takeoff, cruise,
approach, final, after landing, and parking. For abnormal operation scenarios an alternator failure was induced by the
experimenter at the time when pilots completed the first cruise configuration.
Aircraft configuration during normal operation, as well as aircraft configuration and management of the
electrical system during alternator failure was performed in both manual and automatic mode, resulting in following
blocks: manual-normal, manual-failure, automatic-normal, automatic-failure. The presentation orders were
randomized across participants, but yoked across genders.
Equipment
The new glass cockpit system was implemented in a generic aircraft simulator at Graz University of
Technology <www.flightsimulation.tugraz.at> . The simulation included a Primary Flight Display (PFD) and manual
switches of devices (lights, flaps, trims, transponder, radio and so on). An instructor station was connected to the
simulator allowing the experimenter to induce the alternator failure.

Dependent measures
For performance evaluations we adopted self-ratings of the pilots as a part of NASA-TLX, duration to
complete the task and the number of omissions in configuring the aircraft. Workload was rated post-trial by the pilots
using NASA-Task Load Index (Hart & Staveland, 1988) using a scale from –5 (very low) to +5 (very high). Mean
heart period or inter-beat-interval (IBI) in milliseconds and the heart rate variability (HRV) as root mean square of
successive differences (RMSSD) were recorded for each block using the heart monitor Polar RX800C. Physiological
data of the pilots were standardized using values of rest measurements (Koglbauer, Kallus, Braunstingl, Wurmitzer &
Boucsein, 2010). Situational awareness was evaluated using the SART 3D (Taylor, 1990) with ratings from –5 (low)
to +5 (high). By means of the positive and negative affect scales of PANAS (Watson & Clark, 1988) pilots rated the
intensity of their actual emotional state for each item using a five-point scale from 1 (very slightly or not at all) to 5
(extremely). A modified version of the usability evaluation form of Chin, Diehl and Norman (1988) was applied at the
end of experiment. Acceptance of the device was assessed by means of an evaluation form which was adopted with
some modifications from Jensen, Guilkey and Hunter (1988).
Results
Main effects of the control mode (automatic vs. manual) and the interactions between mode and operation
were calculated using Greenhouse-Geisser tests. Data analysis adopted an α-level of .05 and results with statistical
probabilities up to p =.10 are presented.
Analyses show a significant mode effect on task duration [F(1,18) = 10.88, p = .004], as pilots needed
significantly more time to accomplish the task in manual (M = 441.37, SD = 22.58) than in automatic mode (M =
387.69, SD = 21.38). The number of omissions was higher in automatic (M = 2.45, SD= .89) than in manual mode (M
= .12, SD = .08), differences reaching statistical significance [F(1,18) = 7.22, p = .01]. Self-ratings of performance did
not differ significantly between the manual and automatic mode. However, pilots have spent more effort in manual (M
= -.85, SD = .53) as compared to automatic mode (M = -1.47, SD = .50), differences being marginally significant
[F(1,18) = 3.71, p = .07]. The demand on attentional resources was higher when using the manual (M = -1.76, SD =
1.22) than during the use of the automatic mode (M = -3.00, SD = 1.23), [F(1,17) = 3.11, p = .09]. Pilots` positive
emotions were stronger when using the device in automatic (M = 3.72, SD = .13) than in manual mode (M = 3.62, SD
= .15), differences reaching statistical significance [F(1,18) = 5.79, p = .027]. No significant main automation effects
were found on the measures of mental, physical, temporal demand, negative emotion and pilots` cardiac activity.
Analyses of the interactions between mode and type of operation show significant interactions between the
mode and type of operation on self-ratings of performance [F(1,18) = 5.37, p = .032], mental workload [F(1,18) =
4.39, p = .039] and situation awareness [F(1,18) = 4.59, p = .047]. As Table 1 shows, pilots` self-ratings of
performance during normal operation were higher in manual than in automatic mode. However, during abnormal
operation pilots` performance was better in automatic than in manual mode.
Mental workload of the pilots during normal operation was higher in automatic than in manual mode.
Nevertheless, as illustrated in Figure 1, during abnormal operation mental workload was lower in automatic than in
manual mode. Pilots rated their situation awareness higher in manual than in automatic mode during normal operation,
but during abnormal operation they have rated their situation awareness lower in manual than in automatic mode
(Figure 2).

Table 1.
Means and standard deviations of performance, workload and situation awareness ratings during different modes and
types of operation.
Mode
Manual
Operation
Normal
Abnormal
Measure
M
SD
M
SD
Performance
2.85
.39
.90
.62
Mental workload
-.90
.64
1.25
.60
Situation awareness
3.09
.38
1.83
.56
Note. Ratings on a scale from –5 (very low) to +5 (very high).

Automatic
Normal
M
SD
1.90
.65
.30
.68
2.51
.43

Abnormal
M
SD
1.75
.57
.35
.67
2.28
.46
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Figure 1. Pilots` ratings of mental workload when using
the device in different modes and types of operation
(ratings from –5 very low to +5 very high).

situation awareness

mental workload .

No significant interactions between mode and type of operation were found on the measures of physical,
temporal demand, effort, emotion, pilots` cardiac activity, duration of the task and omissions of the pilots.

4
3
2
1
0
manual mode
normal

automatic mode
abnormal

Figure 2. Pilots` ratings of situational awareness when
using the device in different modes and types of
operation (ratings from –5 very low to +5 very high).

Descriptive analyses of usability data included pilots` ratings on semantic differential scales ranging from -5
to 5 (i.e.: from -5 confusing to +5 easily understood). As the medians (Mdn) show, the majority of pilots rated high the
easiness of their understanding of display elements indicating automatic (M = 3.55, SD = 1.66, Mdn = 4) and manual
functions (M = 3.85, SD = 1.22, Mdn = 4). Pilots gave also good ratings for the usefulness of automation in
configuring the aircraft during normal (M = 3.35, SD = 2.23, Mdn = 4.5) and abnormal operation (M = 3.40, SD =
2.03, Mdn = 4). More than half of the pilots reported a good understanding of both, manual (M = 4.90, SD = .30, Mdn
= 5) and automatic modes of control (M = 4.80, SD = .69, Mdn = 5), and of the manual override button (M = 4.55, SD
= .88, Mdn = 5). They also rated in average high their awareness concerning the status of the device (M = 3.40, SD

=2.16, Mdn = 4) and knowing what the device was doing (M = 3.20, SD =2.28, Mdn = 4). The majority of pilots rated
the reliability of the device extremely high (M = 4.15, SD = 1.26, Mdn = 5).
In respect to acceptance of the device, pilots reported that the device was extremely helpful (35%) and helpful
(45%), whereas 15% found the device neutral or not helpful (5%). The majority of pilots reported their definite
intention to use the device in the future (65%), 25% might use it, 5% were not sure and 5% reported not to intend
using it. With one exception, all pilots reported that they would recommend other pilots to use the device (95%). The
great majority of pilots (95%) considered that the device was improving their own personal safety during flight.
However, there were pilots (5%) who considered that the device would jeopardize their safety during flight because
they might become too reliant on it.
Discussion
Main focus of this research was pilots` evaluation of a new device to be integrated in the glass cockpit of
General Aviation (GA) aircraft, which makes possible the use of automation in monitoring and configuring the aircraft
for different flight phases.
At first glance the results show significant benefits of automation to reduce the task duration as well as the
effort and the demand on attentional resources in pilots. Furthermore, the pilots experienced stronger positive emotion
when using automation. However, the number of omissions was higher in automatic than in manual mode pointing to
a sub-optimal use of automation.
System evaluations during normal and abnormal operation show further limitations of automation. The use of
automation during normal operation was associated with lower performance, lower situation awareness and an
increased mental workload in pilots as compared the manual mode. Interestingly, the use of automation during
abnormal operation resulted in better performance, better situational awareness and reduced mental workload in pilots
as compared to the manual mode of operation. During abnormal operation in manual mode can be noticed a pattern of
considerable decrement in performance and situational awareness, associated with an increase in mental workload. A
contrary pattern was found when pilots used the automatic mode showing that their levels of performance and
situational awareness did not considerably decrease during abnormal operation, but they were below the levels
attained in manual mode during normal operation.
The majority of pilots understood easily the automation, the displayed information related to automation and
the possibility to control automation using the manual override function. The majority of pilots rated very high the
reliability of automation and the feedback provided by the device. Generally, pilots found useful the support of
automation in configuring the aircraft for different flight phases during normal and abnormal operation. However,
some pilots were concerned about becoming too reliant on the new device and on automation. These findings confirm
the results of Casner (2008) who also identified such concerns in pilots.
Results of this research found direct application in optimization of the new glass cockpit system. On one side,
the system was improved to provide pilots with more support in managing abnormal operations. On the other side, the
automation was optimized to buffer pilots` omissions when using it. Monitoring automation remains an additional task
of pilots which certainly increases mental demand of the normal flight operation. However, when pilots are current in
using it, automation is a tool that can balance the effort of managing abnormal procedures during flight. This is
especially important for GA pilots who merely fly alone and cannot share their tasks with a co-pilot.
Despite the need for further optimization and development of the new glass cockpit system which was
detected at this early stage of development, the great majority of pilots considered the device helpful, contributing to

improve their own personal safety and they expressed their definite intention to use the device in the future and to
recommend it to other pilots too.
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